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gaps but used only the center 4.5 m of the
gap area. We classified the first 4.5 m of
the transect which fell under canopy to be
the gap edge. The canopy zone for the
larger gaps lay on the same transect, and
was an equal distance further into the
forest from the gap edge as the gap center
zone was from the gap edge.

Once these plots were determined, we
counted and took leaf samples from all free-
standing woody plants < 2 m tall in a 91 cm
wide belt plot along each 4.5 m transect. By
comparing samples we determined the
number of individuals and of distinct
morphospecies.  We then calculated
Shannon diversity indices for each transect,
and tabulated which species were unique to
each area. Statistical comparisons were
done with a two-way ANOVA with
Bonferroni comparison of means.
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Abstract. (JHB) Because tree fall gaps are a common disturbance in most
mature forests, understanding their role as a mechanism for sustaining
diversity is important. We hypothesized that there would be a decrease in
diversity, richness and density of tree seedlings and saplings across a gradient
from no cover to full canopy and that this gradient of microhabitats would
result in an increase in overall diversity. We tested this hypothesis in a tropical
cloud forest at Monteverde. We found significantly higher seedling and
sapling diversity and species richness in edge areas as opposed to gaps or
under the canopy. There were no significant differences in density, however,
among these zones. These findings support the idea of disturbance as a_
mechanism for sustaining species diversity in tropical forests.

INTRODUCTION (CDW) should cause overall diversity to be higher

in forests with tree fall gaps than in forests

Tree falls in primary forest generate gaps
that strongly affect the microhabitats
within and surrounding them. Variation in
microhabitat from open gap to edge of the
gap to adjacent intact forest with complete
canopy cover should lead to a higher
overall number of potential niches
available and therefore overall diversity,
as compared to undisturbed forest.

In his study of tropical forests, Brokaw
(1985) found two types of saplings: those
that occurred only in gaps and those that
were distributed in both gaps and the
understory of mature forest. Since both
types occur in gaps, species richness in gaps
should be higher than in undisturbed forest.
Habitats along gap edges have
intermediate light availability and thus
should support an intermediate number of
species.

Seedling establishment and survival are
both higher in gaps than under full canopy
(Augspurger 1984), which should cause
densities of seedlings to be highest in gaps,
intermediate in edge areas, and lowest
under full canopy.

Since diversity is a function of both
species richness and density, it should be
highest in gaps. We hypothesized that
there would be a decrease in species

diversity, species richness and density of
tree seedlings across a gradient from no
cover to full canopy cover, and this gradient

with a totally undisturbed canopy.

METHODS (JHB)

We sampled three tree fall gaps in

roughly the same successional state on the

trails near the Monteverde Biological

Station in Monteverde, Costa Rica. All

gaps were at an elevation of 1500-1600 m in
cloud forest habitat. We categorized the
areas Iimmediately surrounding the
disturbance as (1) gap center defined as the
area in the center of the tree fall with no
canopy cover immediately above; (2) gap
edge, the area underneath the canopy of
trees immediately surrounding the gap and
(3) under intact canopy in the surrounding
forest. The latter was far enough removed
from the gap to be isolated from the
increase in light, and therefore was
expected to be unaffected by the gap.

We measured the distance across the
smallest gap which was not under any cover
(4.5 m); this was the gap center area. We
considered the next 4.5 m into the forest,
from the edge of the gap into the
surrounding forest, to be the gap edge. The
next 45 m was considered to be intract

forest. We sampled a consistent area in
treefalls of different sizes to correct for

differential effects of different gap sizes.

We laid a similar transect across the larger
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RESULTS (CDW)

We counted 222 individuals representing
88 distinct morphospecies. Of these
morphospecies, 15 occurred only in the
center of gaps, 46 only in edge areas, and 20
only under a full canopy. In total, 81 of 88

morphospecies were found to be unique to

one particular habitat in our sample and
only one species was found in all three
habitats,

However, only two

morphospecies occurred in more than one

gap (N=21), three in more than one edge

site (N=51), and one morphospecies in more
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Fig 1: Morphospecies diversity of tree seedlings
and saplings in three habitats associated with
tree falls in Monteverde, Costa Rica (means + 1
SE, N=3 for each). Letters indicate significant
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than one full canopy cover site (N=25).

The diversity indicies of the edge
habitats (2.64 + 0.119, N=3) were higher
than those of the gap (1.78 + 0.278, N=3;
F=6.427; df=2,6; P=0.042), but did not differ
from those under the canopy (1.98 + 0.048,
N=3; F=6.427;, df=2,6; P=0.118). The
diversity indicies of seedlings in the gap
did not differ from those under the canopy
(F=6.427; df=2,6; P=1.000; Fig. 1).
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Fig 2. Morphospecies richness in three habitats
associated with tree falls in Monteverde, Costa
Rica (means £ 1 SE, N=3 for each)). Letters
indicate significant difference.
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Fig 3. Density of all woody seedlings and
saplings < 2 m tall in three habitats associated
with tree falls in Monteverde, Costa Rica
(means + 1 SE, N=3 for each)

Morphospecies richness in the edge
habitats (18.3 * 1.33) were also higher
than those of the gap (8.0 + 0.58; F=28.29;
df=2,6; P=0.001) as well as those under
canopy (9.0 £ 1.16; F=28.29; df=2,6;
P=0.001). Morphospecies richness in gaps



was not different from that under the
canopy (F=28.29; df=2,6; P=1.000; Fig. 2)
Tree seedling densities did not differ
significantly between gap (5.9 £ 1.77) and
edge (7.9 £ 1.16; F=1.694; df=2,6; P=1.000),
gap and under canopy (4.31+ 1.07; F=1.694;
df=2,6; P=1.000), or edge and under intact
canopy (F=1.694; df=2,6; P=1.000; Fig. 3)

DISCUSSION (JHB)

The high number of morphospecies unique
to each of the three habitats supports our
hypothesis that the variation in
microhabitat in and around gaps contributes
to higher species diversity. However, the
significantly higher diversity and richness
in the gap edge zones as opposed to other
habitats and the lack of significant
difference in density across the three zones
did not substantiate our hypothesis that
richness and diversity should be highest in
the gap center. Higher diversity and
richness in the gap edge area may have
resulted from many species existing both in
an intermediate environment, as well as in
a gap center or canopy zone. However,
because 81 of 88 morphospecies were unique
to a particular zone, it does not seem to be
the case that the edge zone is an
"intermediate" environment in which
species exist.

Furthermore, in the gap edge zone, where
we expected to see a high number of shared
species, or those that exist in at least two
habitats, 46 of 51 species were found to be
specific to that zone. Despite the greater
diversity in the gap edge rather than the
predicted gap center, the idea that
variation in microhabitat from gap to
canopy increase diversity and richness is
supported by our data .
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However, because so few species were
shared among replicate treefalls within
each habitat, the high number of species
found in only one microhabitat type may
not be representative. Our small sample
size greatly limits the relevance of our
statistical tests. To relate each species to a
particular habitat, we would need a much
larger sample to confirm that the high
numbers of distinct species we found in each
sampling area were in fact truly unique and
not shared with other habitats. Further
research is also needed to quantify life-
history strategies of each plant species
along the gradient from gap center to intact
forest, and how these strategies affect
their distribution.

In conclusion, our results show that
microhabitat variation over the space of a
few meters could have a profound impact on
species composition and diversity of tree
seedlings and saplings of tropical cloud
forests. These results support the idea
advanced by Connell (1978) that
disturbance, as evidenced here by tree fall
dynamics, is an important mechanism for
the maintenance of diversity and richness.
Without disturbance and the corresponding
creation of new habitats, species diversity
would have been lower.
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